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f"© Apparatus and method of forming and projecting high precision optical images. 

®© An image projection apparatus (100) in which an 
CO image object plane (104) contains a plurality of re- 
m fleeting images and a light source (101) and optical 
^ system (102) projects a beam on each of said plural- 
ity of imag s. Spaced projection lenses (105) ar 
a positioned to receive the light reflected from the 
images (104) and direct th light on a projection 


Ul 


surface (106) with the plurality of reflected images in 
coregi strati on. 
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APPARATUS AND METHOD OF FORMING AND PROJECTING HIGH PRECISION OPTICAL IMAGES 


This invention relates to an apparatus and 
method of forming and projecting high precision 
optical images and more particularly to a method 
of forming the images by writing and edting with a 
selective heating source, advantageously a laser, 
on a writable, erasable, editable electronic slide 
and simultaneously or sequentially projecting the 
images, in registration, onto a receiving surface 
such as a projection screen or photosensitive ma- 
terial, in the former case for the purpose of display- 
ing the projected image and in the latter case for 
the purpose of creating a hard copy of the projec- 
ted image. 

Prior art relative to this invention relates firstly 
to methods for creating the slices or images to be 
projected and secondly to methods for projecting 
the slides so that certain subimages are in registra- 
tion. Registration of the subimages is important for 
a variety of applications such as the creation of 
color images. The test Display Systems Engineer- 
ing, edited by H. R. Luxenberg and R. L Kuehn 
(1968) broadly summarizes the art prior to 1968. 
More recent art has been reviewed by Carbone 
(Large Screen Display Technology Survey, Richard 
M. Carbone, The MITRE Corporation, Bedford, 
Mass., Nov. 1982) and Todd (Lee T. Todd, Jr., 
Projection Display Devices, Society for Information 
Display. Seminar Lecture Notes, Vol. II, Paper 8.1, 
May 3, 1985). 

Traditionally slices or images for projection 
have been created photographically by exposure of 
a light sensitive emulsion or by means of a scribing 
system in which a sharp point or stylus scratches 
the information into an opaque coating on a glass 
plate or film. The photographic method is not spon- 
taneous and does not permit real-time update with 
new information or simultaneous writing and view- 
ing. It also requires apparatus for film processing 
as well as writing. The scribing method permits real 
time viewing and updates but erasure of previously 
scribed information is impractical and the scribing 
rates are relatively slow. 

Projection systems in which the cath- 
odoiuminescent target of a cathode ray tube serves 
as an electronic slide or image source overcome 
the disadvantages of the photographic and scribing 
approaches but are limited in image brightness and 
resolution. The projected image brightness is limit- 
ed by saturation of the phosphor output as the CRT 
electron beam current is increased, by phosphor 
bum and faceplate failure due t overheating by 
excessiv beam currents, and by practical limits on 
the physical size of the optics used for imag 
projection. R solution is limited by the incr as in 
focused beam spot "size with increas d beam cur- 


rent resulting in a brightness-resolution tradeoff, 
and by the need for high bandwidth refresh circuits 
to refresh the projected images at 60 Hz or more in 
order to eliminate visible fficker. For example, a 

5 4000 x 4000 picture element image refreshed at 
60Hz would require a 960 MHz data input Even if 
such a high bandwidth data rate were practical, 
positioning of an electron beam to the positional 
accuracy required for such a display would require 

ro extremely expensive beam indexing built into the 
tube or extremely stable, i.e., expensive, analog 
electronics. Strong magnetic shielding would be 
required to minimize the effect of terrestrial mag- 
netism and local magnetic field variations on th 

75 electron beam position. Large area CRTs with im- 
age diagonals up to about 40 inches have been 
constructed, but their resolution is also limited by 
the aforementioned constraints on data rate and 
beam positional accuracy. Storage CRTs have 

20 been built which overcome the need for high band- 
width refresh, but storage CRTs have significantly 
lower lumen output than refreshed CRTs and are 
therefore of limited interest for projection systems 
and the direct view units must be used in rooms 

25 with subdued lighting. 

The aforementioned constraints on brightness 
of systems incorporating CRTs with cath- 
odoluminescent targets are overcome by a class of 
devices known as electronic light valves. In these 

30 electronic light valves, the reflection or transmis- 
sion properties of a physical medium is spatially 
and temporally varied by electronic means. These 
electronic means may include electronic scanning 
of an electron or optical beam or gating of a 

35 voltage across the light valve medium by an elec- 
trode array. The light valve can then be used to 
control the flow of light from a light source to a 
receiving target With appropriate optics to image 
the light valve on the receiving target the spatial 

40 and temporal variations imposed by the electronic 
means on the light valve can be faithfully repro- 
duced at the position of the receiving target. Com- 
mercial light valve systems have been introduced 
with capabilities to project images with information 

45 content up to about 2000 TV lines. 

A new type of electronic light valve display 
based on a laser scanned smectic (LSS) liquid 
crystal and capable of storing and projecting im- 
ages with significantly higher than 2000 TV line 

so information content was described by Kahn 
(Frederic J. Kahn, U. S. Patent 3,796,999, March 
1974). Even imag s with lower than 2000 line in- 
formation content have significantly improved defi- 
nition du to the resolution of the LSS light valves. 
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More recent developments in LSS technology have 
been reviewed by D wey (A. G. Dewey, Laser- 
Addressed Liquid Crystal Displays, Optical engi- 
neering, May-June 1984, Vol. 23, pp. 230-240). 

LSS light valves consist of a thin layer of 
smectic liquid crystal sandwiched between two 
substrates. The image is written thermally by scan- 
ning a focused laser beam across the light valve. 
The entire image can be erased in a small fraction 
of a second by applying a voltage across the 
smectic layer. The writing beam can be trans- 
formed into an erasing beam for local editing of the 
written image by applying a somewhat lower volt- 
age than required for erase of the entire image. 
When such a voltage is applied only those regions 
which are reheated by the laser beam will be 
erased. Advantages of these thermal smectic light 
valves in addition to the high resolution, erase, and 
local editing features are 1) the image is stored in 
the liquid crystal until electrically erased, thus no 
image refresh is required, 2) the optical properties 
of the image are relatively wavelength independent; 
thus these light valves can be used to control light 
from the near uv through the ir and any part of the 
spectrum in between, 3) there is minimal absorp- 
tion of light by the liquid crystal and associated 
optical elements, thus this light valve can be used 
to control very high intensity light sources with high 
optical efficiency, 4) laser absorbers can be con- 
structed to match a wide range of laser 
wavelengths thereby enabling use of a wide variety 
of writing lasers including semiconductor lasers 
which are relatively economical, compact, and reli- 
able. 

[Despite the significant advantages cited above, 
commercial application of the LSS light valves has 
been limited by the complex and expensive scan- 
ning mechanisms required for creating very high 
information content images, the inability to scan 
precisely in a repeatable fashion, the unavailability 
of a method practical for creating a high resolution 
full color image without using multiple scanners, 
the unavailability of a scan system for high resolu- 
tion full color images with random access as well 
as raster scan capabilities, the inability to display 
bright full color images with moderate power light 
sources, and the inability to implement a practical 
on-screen cursor. Thus a display and imaging sys- 
tem capable of creating precision, very high in- 
formation content full color, random scan images 
with a relatively simple writing system and a rela- 
tively low power projection source is desired. An 
additional desirable feature is a cursor. Further- 
more the same precision image writing and projec- 
tion capabilities desired for creation of full color 
images are required for producing and registering 
images on photosensitive hard copy materials. 


This invention relates to a m thod of forming 
and projecting high precision optical images and 
more particularly, to a m thod of forming the im- 
ages by writing and editing with a selective heating 

5 source, advantageously a laser, on a writable, eras- 
able, editable electronic slide and simultaneously 
or sequentially projecting the images, in registra- 
tion, onto a receiving surface such as a projection 
screen or photosensitive material. The present ap- 

70 paratus and method provides for efficient us of 
the projection light source and excellent spatial 
fidelity of the projected image relative to the origi- 
nal image, the original image being electronically 
entered into the image forming and projection sys- 

75 tern. 

The preferred method and apparatus for for- 
ming the image provides for precision scanning of 
a focused laser beam across a light sensttiv layer 
which stores a pattern of information determined by 
20 a the trajectory of the laser beam. The position of 
the beam is varied with a single scan system. This 
position of the beam on the entire light sensitive 
layer is controlled by a servo system which cor- 
rects the laser beam trajectory by comparing the 
25 desired position signal with actual position to derive 
an error signal. 

The series of trajectories so created ar stored 
in a liquid crystal cell which is patterned into one or 
more subcells each one of which is independently 
30 writable, erasable, and editable by means of the 
scanned laser beam and appropriate electrical con- 
trol voltages. 

Different cells which are operable in either 
transmission or reflection can be fabricated. A re- 
35 flection cell structure is preferred for color display 
and hard copy printing applications because reflec- 
tive cells can withstand the required intense illu- 
mination levels. 

The method for creating a color projection dis- 
40 piay consists of assigning a different primary pro- 
jection color, e.g., red, green, blue for an additive 
color system with broad spectral coverage, to each 
of several subcells, and where desired, to use an 
additional subcell for an independent cursor or 
45 overlay. These subcells are coprojected in registra- 
tion to achieve a full color image with cursor or 
overlay. One or more detectors are provided at the 
edge of the receiving surface for the projected 
image in order to facilitate satisfactory registration 
so of the projected image with that surface. 

The preferred method for projecting the full 
color images together with an overlay plane which 
can b used, for xample, for implementing a cur- 
sor consists of taking th output from a single lamp 
55 and splitting it into two whit channels. One white 
chann I is subdivided into three color b ams (r d, 
green, and blue). These three color beams togeth r 
with the remaining white beam are preferably im- 
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aged by m ans of a single relay condenser onto 
the liquid crystal cell so that each beam illuminates 
primarily only on subcell. Th r lay condenser 
forms an image of the lamp on the apertur of 
each of four projection lenses, on for each beam. 
The projection lenses are positioned so as to pro- 
ject the subimages in registration onto a single 
receiving surface so as to result in a full-color 
image with cursor/overlay on that surface. This 
projection method is highly efficient in collecting 
light and transferring it to the receiving surface 
which for display applications can be a rear projec- 
tion screen. 

Electronic means are provided to correct for 
residual distortion and positional differences in the 
images written on the subcells so as to provide 
image registration to within a fraction of the mini- 
mum linewidth which can be written and projected. 
The method for cfistortion correction involves use of 
a look up table with table entries keyed to sections 
of the image. 

It is a general object of the present invention to 
provide an improved apparatus and method for 
forming and projecting optical images. 

It is another object of the present invention to 
provide an apparatus for forming and projecting 
optical images which are formed electronically on 
light valves in general and smectic liquid crystal 
light valves in particular. 

It is a further object of the present invention to 
provide an apparatus and method for forming and 
projection a plurality of separate images in registra- 
tion. 

It is another object of the present invention to 
provide an apparatus and method for forming im- 
ages on a liquid crystal cell and for projecting said 
images in registration by reflection from the cell. 

The foregoing and other objects of the inven- 
tion are achieved by a system in which stored 
images are projected by reflection from an image 
source such as a liquid crystal. 

The foregoing and other objects of the inven- 
tion will be more clearly understood from the fol- 
lowing description when read in conjunction with 
the accompanying drawings of which: 

Figure 1 is a schematic view showing pri- 
marily a reflection projection system in accordance 
with the invention. 

Figure 2 shows the positioning of the projec- 
tion lense. 

Figure 3 is a schematic diagram showing an 
electronic imaging system in accordance with the 
invention. 

Figure 4 is a schematic diagram showing the 
combined imaging and projection system. 


The present inv ntion relates to a method for 
lectronicaily creating high precision optical images 
and, mor particularly, to a method for creating 
images which have precisely contr lied geometries 

5 and which can be unif rmly registered with each 
other by coprojection onto a receiving surface such 
as a projection screen or photosensitive material. A 
specific embodiment of this invention is a high 
information content, large area display apparatus 

io for full-color images. Another is an apparatus for 
printing full-color hard copy. 

Figure 1 shows a projection system 100 em- 
ployed in the present invention. A source of radi- 
ation energy or light 101, illustratively a 1000 watt 

rs Xenon arc lamp, emits light which is collected by 
an optical system 102 and directed onto reflective 
object 104 in such manner that each beam illumi- 
nates primarily one particular area or section of 
object 104. Such an illumination system designed 

20 for transmission projection of multiple slide images 
is described on pp. 197-199 of Luxenberg and 
Kuehn. In the present invention the light reflected 
from each area illuminates the aperture of one 
particular lens of lens array 105, illustratively con- 

25 sisting of multielement lenses with achromatized 
designs. Lens array 105 images the reflective ob- 
ject 104, illustratively a pattern with spatially vary- 
ing reflectivity, on the receiving surface 106, illus- 
tratively a rear 'projection screen, in such manner 

30 that the received images of each section of object 
105 are precisely registered with each other on 
surface 106. The illumination axes of the lenses in 
array 105 are slightly tilted relative to each other so 
that they will converge at the center of surface 106. 

35 The lens positions are determined by drawing the 
rays connecting the extrema of the subimages and 
the extrema of the receiving surface and locating 
the lenses at the intersection of the rays. These 
locations provide for coregistration of the images 

40 on the receiving surface as shown in Figure 2. 
Image position sensor 107, located on the receiving 
surface or at an optically equivalent position, is 
used to detect temporal shifts in position of the 
received image. Illustratively a registration pattern 

45 may be projected on sensor 107, and the signal 
from sensor 107 processed by processor 108 to 
determine the position of that registration pattern 
and hence to determine the position of the image 
which has a known spatial relationship to the reg- 

so istration pattern. In a preferred embodiment key- 
stone distortion can be avoided by making the 
planes of object 104, array 105 and surface 106 
parallel to each oth r. Alternatively, keystoning can 
be electronically corrected by predistorting the im- 

55 age on reflective object 104; and resulting focus 
shifts, when 104, 105. and 106 are not coplanar, 
can be corrected by satisfying the Scheimpflug 
condition. 
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Distortions in the projected image contributed 
by individual lenses in array 105 and by residual 
misalignm nts and imperfections in the projection 
system, can be similarly corrected by predistorting 
the image found on reflective object 104. For this 
purpose processor 108 includes electronic means 
for correcting distortions of the projected image, 
illustratively by means of a look-up table in which 
corrections due to the computed distortion of the 
writing system 300, Figure 3, the computed distor- 
tion of the projection lenses, and the residual dis- 
tortion determined experimentally after the com- 
puted distortions have been corrected for, are treat- 
ed addrtjvely to compute the entries in the look-up 
table. Illustratively, the size of the look-up table and 
hence the memory required to store it may be 
minimized be entering values only for selected 
points or the projected image and using interpola- 
tion algorithms to determine the values at inter- 
mediate points. Processor 108 also includes elec- 
tronic means for decoding the position shifts trans- 
mitted by image position sensor 107 which is phys- 
ically linked to receiving surface 106 and for cor- 
recting the position of the reflective images on 104 
in such manner that they will project with the 
correct positions relative to receiving surface 106 
and sensor 107. illustratively, sensor 107 may con- 
sist of one or more patterned masks positioned in 
front of one or more photodetectors. Processor 108 
includes control 309 and servo 308 shown in Fig- 
ure 3. 

The reflective object 104 described above may 
be a static image, e.g., a pattern of aluminum or 
chrome on a transparent substrate such as glass. 
Such an object due to its minimal light absorption 
in both the reflecting and transmitting regions will 
be suitable for projection of very intense illumina- 
tion levels onto the receiving surface. The reflectiv- 
ity of the metallic reflecting regions may be en- 
hanced by means of well known thin film dielectric 
coatings. Similarly the transmittance of the non- 
reflecting regions and hence the resultant contrast 
of the mask may also be enhanced by thin film 
dielectric coatings. 

The reflective object may be an image which 
can be written and erased by electronic means, 
i.e., an electronic light valve. Preferably, the reflec- 
tive object may be a laser scanned smectic (LSS) 
liquid crystal light valve. By patterning the conduct- 
ing electrodes of such a device it is possible to 
selectively apply higher electric fields to one or 
more independently selected sections, e.g., 104a, 
104b. 104c or 104d. than to the remaining unselec- 
ted sections of the same device and thereby to 
independently erase th individual selected sec- 
tions or to edit laser-selected portions of the in- 
dividual selected sections. 


Use of a single condenser 109 in th directing 
optical system 103 to illuminate two or more of the 
projection lenses in array 105 is advantageous in 
enabling faster (larger aperture) projection lenses 

5 to be employed and higher image-to-object mag- 
nification ratios to be achieved than would be the 
case if each projection lens had its own illuminating 
condenser. Without a single condenser it would be 
necessary to use projection tenses with very small 

70 apertures, which would result in unacceptably low 
image brightness, or impractically large off-normal 
angles of incidence on object 104. Therefore a 
multiple imaging reflective system is impractical. 
The projection lenses 110 in array 105 are prefer- 

75 ably multielement lenses in which the optical power 
is concentrated primarily in the inner elements and 
achromatization is concentrated primarily in the 
outer elements in order to provide individual lenses 
with lengths from front-to-rear surface less than 

20 one half their total focal length, thereby providing a 
compact projection system design with a relatively 
small off-normal projection angle, high resolution 
and low projection lens distortion. The preferred 
projection system includes a single condenser 109 

25 in the directing optical system 103, a collecting 
optical system 102 which splits the light into 4 
beams with predominately red, green, blue, and 
white wavelengths respectively, a reflective object 
104 with four subobjects arranged with Manhattan 

30 geometry as in Figure 1, and a rectangular array of 
4 lenses 105 to project the subimages in registra- 
tion onto receiving surface 107. The coregistered 
red, green, and blue projected images provide a 
full color projected image on surfaced 107 while 

35 coprojection of the white image enables realization 
of an independent cursor or overlay plane super- 
posed on that full color image. Furthermore the 
derivation of the red, green, and blue beams from a 
single white beam by use of dichroic filters in 

40 collecting optical system 102 results in a relatively 
bright projected image on surface 107. Alternatively 
it may be desirable to add color or neutral density 
filters to modify the color or intensity of th whil 
overlay channel or to add a blue titter to the white 

45 channel and use it to enhance the brightness of the 
blue part of the full color images. 

In one embodiment image position sensor 107 
may include a patterned mask and a photodetector 
positioned such that a portion of the image projec- 

so ted on receiving surface 106 is in focus on the 
patterned mask and is transmitted through that 
mask before reaching the photodetector. If the 
mask pattern includes at least two regions with 
differing transmissions and a sharp (edge) bound- 

55 ary between them, stepwise or continuous move- 
ment across that boundary of a projected image 
also containing at least one edge will result in a 
change in the output of the photodetector enabling 


